Ultrasound applications in perioperative medicine have expanded enormously over the past decade. Transoesophageal echocardiography has been performed by anaesthetists during cardiac surgery for over 20 years. With the increasing availability of portable ultrasound systems, the use of ultrasound to assist in vascular cannulation and regional anaesthesia has been well described. Portable ultrasound systems come with a range of probes for different applications, including transthoracic echocardiography. While transthoracic echocardiography has traditionally been the domain of cardiologists, its use has been increasing in critical care, the emergency room and, recently, by anaesthetists in the perioperative period. Unlike formal cardiology-based transthoracic echocardiography, focused, goal-directed transthoracic echocardiography is often more appropriate in the perioperative period to address a particular question and can be performed in just a few minutes. Transthoracic echocardiography allows rapid, noninvasive, point-of-care assessment of ventricular function, valvular integrity, volume status and fluid responsiveness. It can help distinguish undifferentiated systolic murmurs preoperatively, give valuable information on the aetiology of unexplained hypotension and cardiovascular collapse and assess response to therapeutic interventions such as vasoactive drugs and volume resuscitation. Focused transthoracic echocardiography should include qualitative assessment of left and right ventricular function, an estimate of aortic valve gradient, right ventricular systolic pressure and intravascular volume status as minimum requirements. Transthoracic echocardiography is a valuable tool in the perioperative period and ideally the equipment and expertise should be available in all operating rooms.
Since the early description of the "ultrasonic reflectoscope" by Edler in the 1950s 1 , physicians have used non-invasive transthoracic echocardiography (TTE) as a method of evaluating cardiac structure and function. With the advent of transoesophageal echocardiography (TOE), the anaesthesia community became interested in echocardiography as an intraoperative monitoring device in the early 1980s [2] [3] [4] [5] , and its use has become routine in cardiac surgery. This has since resulted in formal training guidelines and a certification exam in North America 6 and Europe 7 . However, TOE is an invasive procedure with recent data suggesting 1 in 1000 incidence of gastroesophageal injury and 1 in 5000 risk of death 8 .
Recently, the use of TTE has been increasing in the intensive care unit (ICU) [9] [10] [11] [12] [13] and emergency room 14, 15 but its use in anaesthesia has been slower to evolve. This has been partly because of lack of formal training opportunities in TTE and because of challenging acoustic windows, particularly in patients with positive pressure ventilation and positive endexpiratory pressure, chronic obstructive airways disease, obesity, surgical site and drain limitations. Left lateral positioning is ideal for TTE and this can be problematic in the perioperative period (e.g. fractured neck of femur patients). Recent data have shown that focused TTE performed by anaesthetists in the perioperative period is feasible and alters patient management 16, 17 . Diagnostic quality images can be obtained in almost 100% of patients [18] [19] [20] .
TTE is non-invasive and has no known adverse effects 21 . Modern ultrasound machines have different probes for nerve blocks, vascular access, TOE and TTE, all on a portable platform the size of a laptop computer. This allows rapid deployment to a preanaesthesia room, the operating room or the postanaesthesia care unit. Unlike a formal cardiologybased TTE which can often take 45 to 60 minutes, a focused, goal-directed study to answer a particular question is often more appropriate in the perioperative period 16 and can be performed in as little as 10 minutes [22] [23] [24] .
Appropriate perioperative indications include (but are not limited to): 1) undifferentiated ejection systolic murmur and other potential valve disease; 2) haemodynamic instability; 3) ventricular function assessment; 4) undifferentiated dyspnoea; 5) hypoxaemia and 6) limited functional capacity.
Most information in the perioperative period can be obtained from parasternal, apical and subxiphoid views, depending on the indication and available echocardiographic windows (Figure 1 ).
EJECTION SySTOLIC MURMUR
Ideally, cardiac murmurs in elective surgical patients would be recognised in a preadmission clinic well before the date of surgery. This would allow investigation with a formal cardiology-based TTE and any appropriate medical or surgical management and planning for perioperative care. However, with modern day-of-surgery admission procedures or emergency surgery, patients may arrive in the operating room with a previously unrecognised and undifferentiated murmur. It is not always possible to obtain a formal TTE at short notice and the waiting times for an outpatient echocardiogram can average eight weeks and be up to 20 weeks 25 . This is clearly unacceptable for all but the most elective surgery, particularly surgical oncology. This leaves the anaesthetist with the dilemma of postponing or cancelling the case until formal TTE is performed, or proceeding based on clinical assessment.
Ejection systolic murmurs are common and present in almost 50% of unselected patients aged over 62 years 26, 27 . However, physical signs are notoriously unreliable and severe aortic stenosis (AS) may be missed during clinical examination [28] [29] [30] .
AS has long been known to be associated with perioperative cardiac morbidity and mortality in non-cardiac surgery 31 , with at least five-fold increased risk of perioperative mortality and nonfatal myocardial infarction in patients with moderate to severe AS 32 (Table 1 ). AS can be evaluated qualitatively by parasternal views of the aortic valve revealing calcified, immobile and restricted leaflet motion (Figure 2 ).
European and North American guidelines for evaluation of stenotic valvular disease have recently been published 33, 34 . Velocity across the aortic valve increases as the severity of AS increases 34 . This measurement is flow-dependent and requires correct alignment of a continuous wave Doppler beam. with this, the velocity of blood flow through the aortic valve can be obtained and pressure gradients across the valve calculated from the simplified Bernoulli equation 34, 35 :
Pressure gradient ΔP=4 V 2 where V is the instantaneous velocity in metres per second and ΔP is pressure gradient in mmHg.
In situations of low cardiac output, low flow and with the squared relationship between pressure gradient and velocity, the severity of AS may be underestimated 34 .
The peak instantaneous pressure gradient is calculated from the peak aortic velocity and the mean pressure gradient being derived from the average of instantaneous pressure gradients. This is calculated automatically by most modern echocardiography machines. In general, this velocity and gradient information is enough to make the diagnosis of AS and influence decision-making in perioperative management in non-cardiac surgery or to refer for formal TTE 16 . Calculation or measurement of aortic valve area 34, 36 is more timeconsuming and challenging for the novice echocardiographer but may be useful when there are problems such as non-parallel alignment of the continuous wave Doppler beam. Once the diagnosis of AS is made and severity estimated, appropriate decisions can be made regarding perioperative management for non-cardiac surgery. Despite the well-known perioperative risks, there are data that suggest selected patients with known AS can undergo non-cardiac surgery with a major complication rate of less than 10% [37] [38] [39] . However, preoperative knowledge of severe AS significantly alters patient management, including invasive blood pressure monitoring and early use of vasoactive drugs like phenylephrine. Changes in anaesthesia technique such as local anaesthesia and sedation and even cancelling of the case may occur 16, 39 . It is unclear which, if any, of these changes influence perioperative outcome.
Common causes of systolic murmurs that can be excluded with TTE include:
Aortic sclerosis
Around 25% of patients aged 65 years or over have some element of calcification of their aortic valve 40 and this increases to 37% in patients aged 75 or more 41 . This may or may not progress to AS. Irregular thickening of leaflets may limit aortic leaflet excursion, often with a murmur or flow acceleration on Doppler colour imaging. However, there is no significant stenosis or gradient and peak aortic jet velocity is less than 2.5 metres per second 42 . Patients with aortic sclerosis have a 50% increased risk of adverse cardiac outcomes compared to patients with normal aortic valves 43 . There are no data on these patients in the perioperative period.
Mitral regurgitation
Moderate to severe mitral regurgitation (MR) more than doubles the risk of major cardiac complications in patients having non-cardiac surgery 44 . Mitral valve prolapse is primarily a disease of the mitral valve leaflets. Anterior, posterior or both leaflets are thickened and bulge into the left atrium above the mitral annular plane. It is common and affects up to 2.5% of the population, with or without accompanying MR 45 . It may also affect the choice of perioperative antibiotics 46 .
If the mitral valve leaflets are structurally normal, so-called functional or ischaemic MR may be present. There is restriction and tethering of leaflet motion because of left ventricular dilation, annular dilation and ischaemic heart disease with left ventricular dysfunction 33 . With severe MR, the left atrium and left ventricle are often enlarged and pulmonary artery pressures may be elevated. Some attempt to quantify the MR is reasonable, even in a focused exam. Colour flow Doppler is the simplest method with severe MR characterised by the area of the colour flow jet filling up more than 40% of the left atrium, any eccentric jet running along the wall of the left atrium and with the width of the regurgitant jet at the tips of the mitral valve leaflets (called the vena contracta) being greater than 7 mm 47 . In a focused study, this can be performed in a semi-quantitative 'eyeball' fashion, despite some limitations 48, 49 .
Because of the effects on loading conditions of the left ventricle, both general and regional anaesthesia significantly reduce the severity of MR 50 .
HAEMODyNAMIC INSTABILITy
Haemodynamic instability is one of the most common indications for focused TTE in the perioperative period 16 . The exact TTE approach will depend on the echocardiographic windows available and the clinical circumstances.
A general approach to hypotension will include an evaluation of preload/volume, right and left ventricular systolic and diastolic function, the pericardial and pleural spaces, valve integrity/function and an assessment of fluid responsiveness.
Preload/volume status
The dilemma of using volume or vasoactive drugs to manage hypotension is one faced by anaesthetists every day. while volume expansion is clearly useful in some situations 51 , recent data have suggested that volume overload can be harmful [52] [53] [54] .
Left ventricular end-diastolic dimensions can be used to estimate preload, with left ventricular enddiastolic area decreasing linearly in patients with both normal and abnormal ventricular function, with blood volume deficit 55 .
Systolic obliteration of the left ventricle (LV) cavity also accompanies hypovolaemia, with 'kissing' of papillary muscles. However, this is not specific for hypovolaemia, with mitral regurgitation, sepsis and the loading conditions of general anaesthesia often reducing end-systolic area, without any haemodynamic or blood volume deficits 56 .
Left ventricular end-diastolic (LVEDV) and endsystolic volumes can be measured more accurately with a disc summation method or modified Simpson's rule 57 , available on most modern echo platforms. Ejection fraction (EF) can then be calculated and is more than 55% in normal individuals. while these calculations and measurements are relatively straightforward, they do involve extra time and can be cumbersome, and many echo laboratories rely on qualitative or 'eyeball' techniques rather than quantitative methods. Qualitative information is rapidly obtainable, reliable in experienced hands and may be more appropriate in the perioperative period in a focused TTE exam 58 .
Traditional pressure estimates of preload obtained with central venous pressure (CVP) and pulmonary artery occlusion pressure (PAOP) do not reflect LVEDV or its changes after fluid resuscitation and they also fail to predict fluid responsiveness 59 . Unfortunately, while the constellation of systolic obliteration and reduced LVEDV suggest hypovolaemia, no static measure of preload, whether it be echocardiographic or pressure-based, reliably predicts fluid responsiveness in an individual patient 60 .
The inferior vena cava (IVC) can be measured with TTE at the subxiphoid position, usually in the supine position ( Figure 3 ). Its diameter and its variation with respiration are related to the CVP and fluid responsiveness. During spontaneous ventilation, the IVC collapses with inspiration and expands with expiration. At the extremes, patients with an IVC diameter of less than 15 mm with more than 50% collapse during inspiration have a CVP of less than 5 mmHg and patients with an IVC diameter more than 20 mm with no collapse during inspiration have a CVP more than 20 mmHg 61, 62 .
In contrast, during mechanical ventilation the IVC expands with inspiration and collapses during expiration. However, predicting CVP based on IVC diameter is less reliable in ventilated patients 63 . IVC distension of more than 18% with mechanical inspiration reliably predicts an increase in cardiac output in response to volume in ventilated patients 64 .
There are times such as during a laparotomy or in morbidly obese patients where IVC imaging is challenging, but in critically ill ICU patients the IVC can be imaged in over 95% of cases 62 . In addition, non-cardiologist physicians with limited echocardiography experience are usually able to obtain these images with minimal didactic training and around 20 practice examinations 65 .
An additional index of preload is evaluation of the interatrial septum, which reflects pressure differences between the right and left atrium and reflects PAOP. Normally, the interatrial septum moves minimally during the cardiac cycle with transient right to left movement during mid-systole, correlating with a PAOP of 12 to 14 mmHg. This movement is exaggerated in hypovolaemia with midsystolic buckling and PAOP less than 11 mmHg. Fixed curvature from left to right suggests relatively high left atrial pressure and correlates with PAOP of more than 15 mmHg 66 .
Fluid responsiveness
Of more interest to anaesthetists is not just volume assessment, but the likely response of the patient to volume administration in the setting of hypotension 67 . Pulse pressure variation with mechanical ventilation was described over 30 years ago 68 . With increases in intrathoracic pressure during each tidal volume, venous return decreases, the superior vena cava is narrowed and right ventricular stroke volume decreases. Simultaneously, pulmonary venous flow increases and LVEDV increases, increasing stroke volume 69 . with expiration, pulmonary venous flow decreases, LVEDV decreases and RVEDV and venous return increase, so creating pulse pressure variation.
Respiratory changes in aortic blood flow velocity predict fluid responsiveness 70 . Peak velocity variations of more than 12% accurately predict fluid responsiveness with an increase in cardiac output in response to volume administration (Figure 4) . Similarly, cyclic changes in blood velocity across the pulmonary valve also occur and correlate with fluid responsiveness 71 .
Respiratory variations in IVC and superior vena cava (SVC) diameter also correlate with fluid responsiveness. If a mechanically ventilated patient has no significant respiratory variation in IVC or SVC diameter and has no significant variation in stroke volume or aortic blood flow velocity, the patient is unlikely to increase his/her cardiac output with volume expansion and volume may indeed be harmful 71 .
In addition, another very simple method of assessing fluid responsiveness is with passive legraising, which transiently increases venous return and right and left ventricular preload. Aortic blood flow increases of 10% with leg-raising accurately predict responsiveness to 500 ml of crystalloid, with aortic blood flow increasing by 15% after infusion in mechanically ventilated patients 72 . This technique is simple, with no adverse effects of potentially unnecessary fluid challenges and should be used more often.
VENTRICULAR FUNCTION ASSESSMENT

Left ventricle
Ventricular function depends on preload, afterload and contractility. Echocardiographically, it is difficult to isolate the effects of contractility alone and commonly used qualitative indices of systolic function like EF, fractional area change and fractional shortening are heavily dependent on loading conditions 73 . while there are times when an accurate quantitative measure is required in the perioperative period during evaluation of Figure 4 : Doppler through the aortic valve in a hypovolaemic man demonstrating aortic blood velocity variation which is flow below the baseline. His peak velocity through the aortic valve is 2.1 m.s -1 during inspiration with mechanical ventilation and decreases to 1.2 m.s -1 during expiration. This strongly suggests fluid responsiveness. He was administered 500 ml of crystalloid with reduction in his aortic blood velocity variation to 10% and improvement in his haemodynamics. Tracheal pressure is superimposed on the bottom of the echo image. hypotension or in planning anaesthesia, a qualitative estimate of EF is reasonable, rapidly obtainable and reliable in experienced hands 74 .
In addition to global assessment of LV function, TTE also provides assessment of regional function. Acutely ischaemic areas exhibit loss of thickening of the myocardium during systole and segmental wall motion abnormalities that correspond to the coronary distribution at risk, in addition to increases in LVEDV and reduced EF 75, 76 .
Severe impairments in LVEF greatly increase perioperative morbidity and mortality in cardiac surgery 77 and in non-cardiac surgery 44 .
There are few data on LV diastolic function in non-cardiac surgery. However, in the cardiac surgical setting, patients with abnormal diastolic function have significantly higher perioperative morbidity and mortality with longer ventilation times, longer ICU stays and lower cardiac output, independent of the LVEF 78, 79 . Almost half of all patients with newly diagnosed heart failure have a normal EF with socalled diastolic dysfunction or heart failure with normal EF 80 . Evaluation of diastolic function can be performed rapidly with pulsed wave Doppler through the mitral valve and tissue Doppler imaging of the mitral annulus from the apical four-chamber view 81 . This is outside the scope of every focused TTE but may be indicated in patients with heart failure symptoms and a normal EF. There are no outcome data on the appropriate management strategy of anaesthesia in non-cardiac surgery in patients with left ventricular dysfunction, but this knowledge certainly alters perioperative monitoring, anaesthesia technique, fluids, vasoactive drug use and postoperative care 16 . It is clear from recent data that patients with cardiac failure undergoing major non-cardiac surgery have a 63% greater incidence of perioperative mortality and hospital readmission 82 . However, it is not clear whether there is a difference between left or right ventricular failure and systolic or diastolic heart failure.
Right ventricle
The right ventricle (RV) has a complex geometry that is challenging to visualise with two-dimensional echocardiography and this probably explains the near complete absence of RV function in risk assessment models 83 . There are few data examining right ventricular function and non-cardiac surgery, but RV dysfunction significantly increases perioperative and late morbidity and mortality in coronary revascularisation 84 and valvular cardiac surgery 85 .
In the apical four-chamber view, the RV appears triangular in shape and appears smaller than the LV with the right ventricular end-diastolic area to LVEDA ratio being usually 0.6 or less 86 . Simplistically, in a focused goal-directed perioperative study, if the RV is more than two-thirds the size of the LV, it is dilated and this is the typical pattern in early RV failure of any cause. If the RV/LV ratio is more than 1, severe RV dilation is present 86 . As the RV enlarges, it loses its triangular shape and becomes more rounded and may share the apex of the heart. The interventricular septum, which is usually curved convex towards the RV (Figure 5 ), is shifted from right to left and the RV loses its usual crescent shape with a so-called D-shaped septum 87 . This is often accompanied by tricuspid regurgitation and right atrial enlargement 86 .
One very quick and simple quantitative measure of RV systolic function is displacement of the tricuspid annulus, which normally descends 15 to 20 mm towards the apex during systole. If this tricuspid annular plane systolic excursion is <15 mm, RV function is impaired. Patients with the combination of RV dysfunction and ischaemic heart disease have a poor prognosis 62 .
In patients with at least some tricuspid regurgitation (most patients), right ventricular systolic pressure (RVSP) and thus pulmonary artery systolic pressure can be estimated. RVSP will equal pulmonary artery systolic pressure if there is no pulmonary stenosis or RV outflow obstruction.
RVSP=4 V 2 +RAP where V is the peak velocity of the tricuspid regurgitation jet and RAP (right atrial pressure) or CVP can be measured with a central line or from IVC diameter as previously described.
Pulmonary hypertension significantly increases perioperative risk in non-cardiac surgery, with a 42% incidence of major morbidity and a 7% incidence of mortality 88 . An estimate of RVSP should be performed as part of a focused TTE in all patients and pulmonary hypertension will be missed if not looked for 16 .
UNDIFFERENTIATED DySPNOEA/LIMITED FUNCTIONAL CAPACITy
Many elderly patients presenting for non-cardiac surgery have undifferentiated dyspnoea with minimal exertion or limited functional capacity. These symptoms may be consistent with cardiac or pulmonary disease, obesity or general lack of physical conditioning and it is often difficult to distinguish these on clinical bedside evaluation. while a resting focused TTE will not diagnose coronary artery disease, assessment of LV and RV systolic/diastolic function and cardiac valve function will assist in confirming or excluding many cardiac causes from this equation. This may influence perioperative monitoring and anaesthesia technique 16 .
UNEXPLAINED HyPOXAEMIA
Intracardiac shunt is a rare cause of hypoxaemia in the perioperative period in non-cardiac surgery but it is reasonable to look for it once pulmonary and ventilation issues are excluded 89 . Patent foramen ovale is common, occurring in 27% of post mortem specimens 90 and a right to left shunt can occur during phases of the cardiac cycle, with raised pulmonary pressures, with mechanical ventilation and positive end-expiratory pressure. However, TOE is much more sensitive for detecting patent foramen ovale and TTE will miss many cases of even large shunt patent foramen ovale causing hypoxaemia 91 .
PERICARDIAL SPACE
Large pericardial effusions are easily seen with TTE and can assist in guiding pericardiocentesis. This potential space fills with fluid and appears as an echo-free space. Emergency physicians are able to diagnose pericardial effusions with almost 100% accuracy 92 .
Pericardial tamponade occurs when pericardial pressure exceeds cardiac chamber pressure, causing collapse initially in low pressure atria and the right ventricle during diastole 93 . Even small pericardial effusions may cause tamponade, particularly if they accumulate quickly in a non-compliant pericardium 94 . However, in post cardiac surgical patients, localised clot or regional tamponade can compress any of the cardiac chambers. Typical clinical and echocardiographic patterns can vary greatly including LV collapse and these signs may be missed with TTE 95 .
Other supporting echo signs include a dilated IVC with reduced respiratory variation, correlating with the increased right atrial pressure 96 . Normally, with spontaneous inspiration, flow velocities increase slightly (less than 20%) through the tricuspid and pulmonary valves, and decrease through the pulmonary veins, mitral and aortic valves. with tamponade however, the RV expands during spontaneous inspiration, with exaggerated septal motion. Mitral and aortic blood flow velocities decrease by more than 40% with a corresponding increase in tricuspid and pulmonary valve velocities 96 . The reverse occurs during expiration. It is important to remember that cardiac tamponade is a clinical diagnosis and that TTE can provide supportive and confirmatory evidence in a rapid and non-invasive manner.
PLEURAL SPACE
Tamponade-like physiology can also occur with large pleural effusions 97, 98 , where increasing intrapleural pressure is transmitted to the pericardium, increasing pericardial pressures and causing diastolic chamber collapse and cardiovascular instability 99 . Several such cases have been seen in our institution in patients scheduled for elective video-assisted thoracoscopic drainage of pleural effusions. If a patient has clinical and echocardiographic features of tamponade, but without an obvious pericardial effusion, sliding the TTE probe around to the left and right hemithorax ( Figure 6 ) enable easy diagnosis of a pleural effusion and can assist in localising a site for drainage 100 . 
TRAINING AND ACCREDITATION
As yet, there are no formal training guidelines for physicians wishing to incorporate TTE into their anaesthesia practice. For perioperative TOE, the American Society of Echocardiography and the Society of Cardiovascular Anesthesiologists recommend 300 complete examinations and then successful completion of a certification exam 101 . The British Society of Echocardiography recommends 125 studies and then successful completion of an exam for TOE and 250 studies and exam completion for TTE 102 . For physician training in echocardiography (TTE and TOE), the American Society of Echocardiography recommends 75 personally performed and 150 interpreted studies for Level 1 training, 150 personally performed and 300 personally interpreted studies for Level 2 training and 300 personally performed and 700 interpreted studies for Level 3 training 103 . They suggest that Level 1 training is introductory and clinicians should perform these exams with supervision. Level 2 training is appropriate for independent practice and Level 3 training for a director of an echo laboratory and for teaching. There is little to no evidence to support these guidelines and these numbers are daunting and unachievable for most anaesthesia trainees or fulltime anaesthetists at present.
Recent data in the ICU literature suggest that non-cardiologists may acquire basic skills in focused critical care echocardiography with around 10 hours of didactic and practical teaching 23, 104 . Perioperative and critical care echocardiography has a different emphasis on volume and filling status, fluid responsiveness, response to vasoactive drugs and haemodynamic explanations of cardiovascular collapse. Often very specific diagnostic information is needed rapidly that does not require a comprehensive formal cardiology-based TTE. Perioperative dilemmas often lend themselves to a focused, goal-directed study to answer these questions, where images can be acquired in minutes after limited training in non-cardiology personnel with portable devices 105 . The World Interactive Network Focused on Critical Ultrasound 106 is an attempt by critical care physicians to formally organise training, accreditation and the practice of echocardiography in the ICU. No such document yet exists for anaesthesia and TTE.
One of the problems with performing a limited or goal-directed TTE with semi-portable or handcarried devices is possible failure to recognise significant pathology that might be seen during a formal TTE. Focused TTE, however, accurately identifies major cardiac abnormalities compared to physical examination and correlates well with formal TTE 24 . In selected patients, incidental and unexpected findings can be detected in more than 85% of cases 107 but significant pathology can be overlooked if the study is too limited 16 .
Exactly how focused a perioperative TTE should be is unclear and will depend on the indication for the study and the acoustic windows available. In this author's view, this should include qualitative assessment of left and right ventricular function, an estimate of aortic valve gradient, right ventricular systolic pressure and intravascular volume status as minimum requirements. In addition, the operating room adds potential challenges to image acquisition. These include difficulty positioning patients with pain or supine surgery in the left lateral position. Surgical incision, drapes, dressings and drains may limit some of the views obtainable. Surgical electrocautery can interfere with Doppler applications. Surrounding anaesthesia machines, surgeons and surgical instruments may limit patient access but fortunately developments in electronic processing have turned large echocardiography machines weighing over 100 kg into small laptop computers. Advances in tissue harmonic imaging have improved image quality 11, 108 .
The aims of TTE in the perioperative period are not to replace a formal cardiology echo or to replace a thorough preoperative assessment, but to aid physical examination, avoid unnecessary delays or cancellation, obtain rapid point-of-care diagnostic information in the operating room and assess response to therapy. Referral for a formal TTE should always be considered in the event of complex cardiac pathology or pathology that requires further long-term follow-up, poor image quality or if there is inadequate expertise to obtain and interpret images. Like anything in medicine, many situations warrant a second opinion from an expert performing dozens of examinations a week. TTE is an emerging technology in anaesthesia and it is important we use this appropriately and seek expert advice when necessary. The world Interactive Network Focused on Critical Ultrasound group have suggested a pyramidal approach to training and skills from beginners through to experts 106 .
Adapted for anaesthetists, this would involve:
Level 
CONCLUSION
Focused TTE performed by anaesthetists in the perioperative period has the ability to enhance the physical examination, diagnose undifferentiated systolic murmurs and provide rapid diagnostic information during haemodynamic collapse at the bedside or in the operating room. It can rapidly and accurately evaluate ventricular function, filling pressures and volume status and assess response to therapy in a non-invasive manner. It has the potential to enhance the perioperative care of our patients and, ideally, equipment and expertise should be readily available in all operating rooms.
